Round-robin test of the carbon in LEC SI GaAs  by unknown
Round-robin test of the 
carbon in LEC SI GaAs 
Carbon concentration in semi-insulating GaAs crystals is a significant parameter which 
determines the resistivity, one of the most essential properties of GaAs. Consequently, 
the precise measurement of the carbon concentration is a key technique for the 
manufacturing of GaAs crystals in good reproducibility. 
I n general, the FT-IR Method is 
used for the measurement of 
carbon concentration i  GaAs, 
much discussion has been held on 
how to approximate the calibration 
factor as shown in Table 1. But it is 
uncertain how much deviation in 
virtual measurement of carbon con- 
centrat ion might arise from the 
differences in instrument makers, 
models of the detectors, and measur- 
ing conditions. Therefore, ten Japa- 
nese GaAs suppliers have repeated a
round-robin test for carbon concen- 
tration in GaAs by the FT-IR method 
yearly over the past three years to 
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examine the present situation and the Figure 1. Examples of the correlation between carbon concentration and absorption coefficient (c() or 
accuracy of measurement, absorption (~ • A) .  
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disclose the results of these round- 
robin tests and to propose how to 
narrow the deviation of the carbon 
concentration measurement of GaAs 
by FT-IR among the associates, and 
how to realize the precise measure- 
ment. 
Round-robin tests 
The samples prepared for the round- 
robin tests are shown in Table 2. The 
purpose of each round-robin test is 
summarized below: 
(a) First round-robin test: Each 
company separately established mea- 
suring conditions and conversion 
coefficient and compared the value 
of carbon concentration among as- 
sociates. 
Figure 2. Spectra of carbon absorption peaks in 
GaAs (Samples." #3,5,7,15). 
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(b) Second round-robin test: Under 
unified measurement conditions, ab- 
sorption spectra were compared. 
(c) Third round-robin test: Under 
the same measurement conditions as 
the 2nd round-robin test, using the 
already known carbon concentration 
samples, we compared the absorption 
spectra and examined the data pro- 
cessing. 
The common measurement condi- 
tions applied to the 2nd and 3rd 
round-robin tests are shown in 
Table 3. 
The absorption coefficient and 
absorption are drawn from the equa- 
tion (1) and (2), and the full width at 
the half maximum and the noise 
width are derived from the method 
of Arai et al. (1). 
Absorption coefficient (~) (cm l )  = 
2.303 × (peak height of absorption)/ 
(sample thickness) ......................... (1) 
Absorpt ion (~ • A) (cm "2) = 
(Absorption coefficient: ~) × (Full 
width at half maximum: A) ............. (2) 
Results and discussion 
Table 4 presents the results of the 1st 
round-robin test under un-unified 
measuring conditions. The deviation 
of the carbon concentration f the ten 
companies ranges from 18.6% to 
36.6%. These values are prominent 
deviations, which are relative in 
magnitude, however, and prove that 
the associate 10 companies were 
dissimilar in measuring frames. In 
the 2nd round-robin test which ap- 
plied the unified measurement condi- 
tions, the deviations are shown in 
Table 5, the low carbon concentra- 
tion sample (A-I) exhibited 17.0% 
measured by MCT detectors, the high 
concentration sample (A-3) displayed 
4.0% measured by TGS detectors, 
and the medium carbon concentra- 
tion sample (A-2) showed 14.9% and 
15.3% by TGS and MCT detectors, 
respectively. From these results, it is 
presumed that MCT detector is fit for 
low carbon concentration measure- 
ment, and TGS detector is competent 
for high carbon concentration mea- 
surement. By extension, it reflects that 
as long as all the associates apply 
identical measurement conditions, the 
deviation among the associates can be 
narrowed, a or a • A are dissimilar in 
respect o measuring facilities, mea- 
suring instruments and/or models of 
Table 1. Proposal for the conversion coefficient of absorption in infrared absorption 
analysis of GaAs crystal. 
Mea~ment  Conversion Temperature Author Year Reference 
of ~so lm © ~  
value xlO~Scm "1 
SSMS 24 Liq. N2 Brozel 1978 2 
Hall measurement 11 Liq. N 2 Hunter 1984 3 
SIMS 9.5+_0.29 Liq. N2 Homma 1985 4 
CPAA 7__. 1 Liq. N2 Kadota 1986 5 
(Proposal) 8+2 Liq.N2 Brozel 1986 6 
CPAA, IPAA 9.2+_2 Liq. N2 JEIDA 1988 1 
CPAA, IPAA 11.8+_2 R.T. JEIDA 1988 1 
Table 2. Samples for the round-robin test. 
Sample 
Number Thlcknese (ram) 
A-1 3.67 
A-2 3.66 
A-3 3.54 
B-1 " 3.60 
Carbon 
~ntmtlon 
x 10 "is cm 4 
B-2 3.60 
B-3 3.60 
#1 5.013 
#3 5.013 
#5 5.013 
#7 5.015 
#15 4.994 
#21 4.983 
#27 3.671 
~r~k 
1.377 
1.397 
11.850 
2.353 
3.243 
43.900 
28.033 
* Sponsored by Japan Electronic Industry Development 
Association 
** Measured by CPAA 
Table 3. Measuring conditions. 
Detector 
Resolution 
Scanning frequency 
Scanning speed 
Range of wave number 
Aperture 
Apodization 
Smoothing 
Reference sample 
Temperature 
Broadband MCT (TGS) 
0.5cm -1 
1024 turns 
Time span to meet measurement for about 1.5 hrs. 
400 - 4000cm "1 
Optimum condition for each FT-IR 
Triangular wave 
Not applicable 
Air and reference sample (#R) 
R.T. 
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Table 4. Results of the carbon concentration measured under un-unified conditions (each company's condition). 
(unit x 1015cm "3) 
Associate Companies  Standard 
Ave. deviation G/Ave 
Sample  a b c d e f g h I j c x 100(%) 
R -- 0.2 0.2 -- - 0.4 . . . . . . .  
B-1 0.6 0.8 0.9 0.6 0.4 1.1 1.2 0.7 0.5 0.5 0.73 0.267 36.6 
A-1 1.5 1.4 1.8 1.7 0.7 2.0 1.8 1.8 1.2 1.0 1.49 0.415 27.8 
B-2 2.3 1.9 2.5 2.2 1.3 2.3 2.5 2.5 1.7 1.5 2.07 0.442 21.4 
A-2 4.1 3.5 4.7 4.2 2.7 4.3 4.0 4.6 3.3 2.8 3.82 0.710 18.6 
B-3 5.1 4.2 5.4 5.1 2.8 4.9 4.9 5.7 4.2 3.5 4.58 0.900 19.7 
A-3 15.8 12.6 13.6 16.0 9.1 12.2 12.6 18.0 13.3 11.1 13.43 2.59 19.3 
Temperature  R.T. R.T. Liq.N2 R.T. R.T. Liq.N2 Liq.N2 R.T. R.T. R.T. 
Table 5. Results of the absorption (or • A)  measured under unified condition. 
Detector Sample  Associate companies  Standard 
Ave. deviat ion 
a b c d e f g h i j cr 
~ lAve  
x100(%) 
MCT 
A-1 0.089 0.131 - 0.137 0.151" 0.135 0.110 0.117 0.108 0.098 0.120 0.0203 17.0 
A-2 0.233 0.354 -- 0.370 0.341 0.347 0.276 0.288 0.289 0.267 0.307 0.0470 15.3 
A-3 1.026 1.385 - 1.402 1.346 1.327 1.164 1.055 1.135 1.130 1.219 0.1462 12.0 
TGS 
A-1 -- - 0.085 0.084 0.142 -- 0.050 0.122 -- 0.090 0.096 0.0323 33.8 
A-2 - - 0.285 0.263 0.338* - 0.212 0.271 - 0.268 0.273 0.0405 14.9 
A-3 - - 1.112 1.022" 1.119 - 1.068 1.130 - 1.135 1.098 0.0441 4.0 
Note: A value accompanied by * denotes beyond 1.5 c from the average.  
Company d measured underl /5 extinction in case of MCT detector. 
detectors. Accordingly, the coordina- 
tive conversion coefficients in deter- 
mination of carbon concentration 
would serve in no capacity under 
these conditions. 
The results of the 3rd round-robin 
test using the already known carbon 
concentration samples, are shown in 
Table 6 and Figure 1. ~ or ~ • A 
could be greatly discordant among 
the associates, but in an individual 
associate, the interrelation "carbon 
concentration vs absorption coeffi- 
cient or absorptions" has maintained 
good linearity. In this context, it is 
considered to be an effective manner 
that each associate uses samples 
which carbon concentrations has 
been known to determine a calibra- 
tion coefficient between the carbon 
concentrat ion and ~ or ~ • A.  
Furthermore, in regard to the com- 
parison between a and a • A,  for the 
parameter of the carbon concentra- 
tion determination, there is not an 
apparent difference. As shown in 
Figure 2, a usual GaAs crystal 
sample shows a minor shoulder peak 
apparently irrespective of noise within 
+3cm -1 from the peak of carbon 
absorption. Still, the cause of the 
peak is vague as to whether to be 
ascribable to carbon or not, and yet 
the peak height correlates with carbon 
concentration. I f  the range of base 
line were to be provided within 
+ 3cm -l, the shoulder peak would be 
inevitably regarded as the base line. 
So the absorption peak would be 
lower and the full width at the half 
maximum be narrower than in case of 
a base line ranging between + 20cm -l. 
Moreover, changing the range for the 
base line, there is a good linearity 
between the carbon concentration 
and ~ or a • A as shown in Table 6. 
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So we attempt to apply a baseline 
ranging between the po ints  of  
_+10cm -1 or above, considering the 
shape of the skirt of the carbon- 
induced absorption peak. 
Summary 
In the carbon concentration measure- 
ment of the semi-insulating LEC 
GaAs by FT-IR, it is recommended 
that using the already-known carbon 
concentration standard samples, each 
associate calibrates the linearity be- 
tween the carbon concentration and 
or ~ • A to reduce the deviation 
among the associates, and determines 
the carbon concentration from the 
calibration coefficient. This method 
has already been applied in silicon 
manufacturing operations (7). 
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Table 6. Correlation between the carbon concentration and the absorption coefficient (ct) or absorption (~t • /k ) of each associate company. 
(TGS results are omitted). 
Base line range: +3 cm 4 Base line range: + 20 ©m -I 
= =o/~ = =o/~ 
Detector Company Number of Proportionality (correlation Proportionality (correlation Proportionality (correlation Proportionality (correlation 
Samples coefficient coefficient) = coefficient coefficient) = csefflclent coefficient) = coefficient) coefficient) =
MCT A 6 
B 5 
C 5 
D 6 
E 5 
F 6 
G 6 
H 6 
14.51 0.9970 
12.64 0.9845 
7.05 0.9617 
14.44 0.9964 
10.06 0.9873 
11,95 0.9795 
14.14 0.9991 
12.97 0.9923 
11.27 0.9983 
10.49 0.9820 
6.61 0.9701 
12.10 0.9924 
8.37 0.9833 
10.11 0,9866 
11.87 0.9991 
10.47 0.9932 
13.80 0.9952 
12,41 0.9781 
6.94 0.9597 
13.65 0.9959 
9.83 0.9873 
11.31 0.9798 
12.70 0.9986 
12.14 0.9924 
9.47 0.9951 
10.44 0.9781 
6.44 0.9609 
10.76 0.9868 
7.77 0.9899 
8,97 0.9830 
10.00 0.9998 
9.17 0.9952 
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